Rirsaton Availability Authoriz'atiOﬁ (DAA) N

anh»&dmmwm
prasented in grealer detall in NPG 2200.2,

mmmemdmdmmwmmemﬁmm whather disseminated
the responsibie NASA Project Officer, Technical Monitor, author, mmmwmwumm -
“Guidelinws

Sades o DOOUMENTIPROJECT: IDENTIEICATION

TlTLE
Using aircraft based high reflectance

signatures and specific absorption
coefficients to remotely estimate coastal

water quality.

Airborne Remot Sensing Conference qﬁd
Exhibition, San Franciso, California,
24~27 June 1996. Pages I1I647-I11I-656.

In: Proceedings of the Second Internationaln':_"'

AUTHOR(S) 35
Bostater, B. and M. Gimond.

ORIGINATING NASA ORGANIZATION
Kennedy Space Center Biomedical Office

PERFORMING ORGANIZATION o dlﬂamnt)
Dynamac Corporation

CONTRACT/GRANT/INTERAGENCY/PROJECT NUMBER(S) |DQCUMENT NUMBER(S) .
See Title Block.

~ [DOCUMENT DATE
1996

wwwmmwm smmwwm.

For pressnlations, m«wmpuwmmmmwm onter
appeopiiste infe jort auch as name, piace, and date of conference, pericdical, or journal
name, wmmmmnhmm mmmmmmmmmw

CHECK ONE (One of the five boxes danoﬂhg Saoumy Classiﬂcatfan st ba ohecked.) o
[] secrer . [:I SECRET RD C] CONFIDENTIAL D CONFIDENTIAL RD E] UNCLASSIFIED

. Classification Number (ECCN)

Export Controlted Documant - USML Category

fCCL Export Controd
{Documents marked in this block must have the

concurrence/approval of the NASA Headquartars or Cantsr Export Control Adminisirator (see Section VIiI).)

expiration).

SBIR

COPYRIGHTED U.S. Govemmant agencias only

000

NASA parsonnel only

Limited until (date)

I [

Confidential Commercial Document (chack appropriate box at left and indicate below the appropriate imitation and.

TRADE SECRET D U.S. Govemmaent agencies and U.S. Government agency contractors only
NASA contractors and U.S. Government only

NASA parsonnel and NASA contractors only

Available only with the approval of issuing office:

Publicly available documents must bs unclassified, may not be export controlled, may not contair: trade secret or

PUBLICLY
AVAILABLE confidential commercial data, and should havs clearad any applicable patents application process.
R o . Docuusm' DISCLOSING AN INVENTION 2 .~ 7 Lok
THIS DOCUMENT MAY BE RELEASED ON - |NASA HQ OF GENTER PATEMT OR INTELLECTUAL PROPERTY COUNSEL SIGNATURE - {DATE
(dats)

s Ty

. V. BUANKET RELEASE (OPTIONAL)

may be processed as checked in Sections 11 and il
[[] The blankat refease authorization granted on (dats)

blocks as checkaed in Sections §l and I,

D All documents issued under the following contract/grant/project number

D is RESCINDED - Future documents must havs individual avaitabiiity authorizations.
is MODIFIED - Limitations for all documents processed in the ST1 system under the biankat release should be changed to conform to

—.__J.
PLEASE CONTINUE CN REVERSE SIDE.

NASA FORM 1676 AUG 97




T W AU Jiwen

2HATUH Viour CATION

I HAVE DETERMINED THAT THIS PUBLICATION;

D DOES contain export controlled, confidential commercial informatio
the appropriate limitation is checked in Sections Il and/or IV.

n, andlor_ discloges an invention for which a patant has been appnéd, md

EI does NOT contain export controlled, confidentlal commercial information, nor doas it disclose an invention for which a patent has been
_applied, and may be released as indicated ahove. . :
NAME OF AUTHONORIGINATOR MAE, CODE . | SIGNATURE ' BT

Manney 'Gimond pyn=2 - | -~ Q—#@A' -

__- VIl PROJECT OFFICER/TECHNICA VISION CHIEF REVIEW
[i<] APPROVED FOR DISTRIBUTION AS MARKED ON REVERSE ~ MT APPROVED
NAME OF PROJECT OFFICER OR JECH. MONITOR [MAIL CODE | SIGNATURE i DATE
Aemons M. Whseer TTC J ) wa-iL +/19/29
o e e Vil EXPORT CONTROL R {CONFIRMATION =~ el Lo

B’ Public releasa is approved
[ Export controtied imitation s approved

[[] Export controlled limitation is not applicable
i
[C] Export controlied fimitation (ITARVEAR) marked in Section fif is assigned to this document:

USML CATEGORY NUMBER CCL ECCN NUMBER

HQ QR CENTER EXPORT CONTROL ADMINISTRATOR (as appficabie)

S 2 _W/b/ 94

2% PROGRAM OFFICE OR DELEGATED AUTHORITY REVIEW

£] APPROVED FOR QISTRIBUTION AS MARKED ON REVERSE

0 vor apprOVED CODE. M, DAA LETTER,6/14/94

Audrey Lee- S8ilipo-

NAME OF PROGFRAM OFFICE REPRESENTATIVE | MAIL GODE OATE,
FF-52-A " /98

ey e tger

BISPOSITION

THIS FORM, WHEN COMPLETED, 1S TO BE SENT TO YOUR CENTER

PUBLIGATIONS OFFICE

INSTRUCTIONS FOR COMPLETING THE NASA SCIENTIFIC AND TECHNICAL DCCUMENT AVAILABILITY AUTHORIZATION (DAA} FORM

Purpose. This DAA form is used 1o prescribe the avallabillty and distribution of all
NASA-generated and NASA-funded documents contalning scientific and technical
information grggud?g thosa distributed via alectronic media such as the World Wide_

Web and Cl
Requirements. The author/originator must provide aither a suitable summary
n (title, abstract, a::.n)gora completad copy of the document with this form.
This form is initiated by the documant acthor/originator and that individual is )
responsible for datermining the avadability/distribution of the
docyment. The author/originator completes Sections | through i, and VI. The
author/originator is also re. for
IV 1o the axtent the documant discloses-an invention for which patent
lied. Subsequent to complation of these sections, the a ‘originator
forwards the document to the appropriate Project Manager/Technical Monitar/Division
Chief for further review and approval in Section Vi, in¢l a re-roview of the
lanned avaitability and tion. Once this approval is oblained, the DAA is
arded to the NASA Headquarters or Center rt Administrator for completion
of Section V1L, it is then forwarded for compiation ot Section IX to the cognizant
NASA Headquarters Program Office or Delegated Authority, wha providas final
review and approval for ralease of the document as marked.

baeen &

When to Use This Form. Documents containing ST! and intended for presentation
or publication (including via electronic media) must be oved in accordance with
the NASA ST Procadures and Guidelines (NPG 2200.2). Documants that are 10 be
published in the NASA ST! Report Series must be coordinated with the a riate
MASA Headguarters or Center Scientific and Technicat Infermation Office
accordance with NPG 2200.2. Note that information on the Report Documentation
P:ga {if attached) is not o be entered on the DAA except for titfe, document date,
and contract number.

. g!;w to Use this Form, Specific quidelineg for aach section of this form are detailed
oW,

1. Document/Project Identification. Provide the infarmation requested. If the
document is classified, provide instead the security classification of the title and
abstract. (Classified information must not be entered on tis form), Include RTOP
numbers on the Contract/Grant/interagency/Project Number(s) fine. Provide
information on pressntations or externally published documents as applicable.

It Security Classification. Enter the applicable security classification for the
document. Documents, if classified, will be available anly to appropriately cleared
personnel having a "need 1o know."

i,
category or cateqories.

Export Controllad Documant. If the document is subject 1o export restrictions (see
NPG 2200.2, paragraph 4.5.3), the appropriate restriction must ba checked, either
International Traffic in Arms Regulations {ITAR) or Export Administration Regulations
{EARY), and the apgropriats United States Munitions List {JSML) category or
Qgenémefca Conlrol List (CCL), Export Control Classification Number (ECCN) must be
cited.

. Check the appropriate

uments corntalning Trade Secrefs,
Information). Check tha applicable box (see
of these boxas are chacked. also ;]

fidentisi Commercial Documents

tybi‘:nog:aphg prooassmg"mand initial amwo':s
on| no n
requests to the lssuing office.

Publicly Avaifable Document - Unrestricted Distribution. Check this box if tha
information in the document may bo made avallable to the general public without -
restrictions (urvestricted domestic and international distribution). i the document is
ws;ngﬂmmd (see paragraph 4.5.7.3 in NPG 2200.2), also check the "Copyrighted”

X in this saction.

IV. Dogument Disclosing an Inventlon. This must be completed when the
document containg information that discloses an invention (see NPG 2200.2,
paragraph 4.5.9). When this box is checked, an additional appropriate availability

category must ba checked. Use of this cal must be agproved by

Headquarters or Canter Patent Counsel or ntelfectual Property Counsel.

V. . Camplete this optional section whanever subseguent
documents

under the contract, gram. or project are 10 be given the same

distribution and/or availability as dasc inS ng i and Ii}. Mora than one

contract nymber or ATOP Number can be entesed. This section may also be used (0

rescind or m an earfier Blankst Release, All blanket releases must be approved

by the Program Office of its dasignee and concurred with by the Office of
anagement Systems and Facilities.

Vi. Aythor/Criginator Yeriflcation. Required for all DAA forms.

viL. e%mwmnwmmumam Tha Projact.
Officer/Technical Monitor/Author or Originator Division Chiel or above must sign and

date tha form. Thae office code and typed name should be entered.

Yill. Export Control Raview/Conflrmation. This section is to be completed by the
authorized NASA Headquartars or Center Export Control Administrator for all
documaents.

1X. Program Office or Delegated Authotity Review. This section is to be completed
by the duly authorized official reprasanting the NASA Headquarters Program Office.
Any delegation from NASA Headquarters to a NASA Center in accordanca with NPG
2200.2 should be antered here.

X. Qispoaition. For NASA Center use.

NASA FORM 1676 AUG 97



USING AIRCRAYXT BASED HIGH RESOLUTION REFL ECTANCE SIGNATURES AND SPECIFIC
ABSORPTION COEFFICIENTS TO REMOTELY ESTIMATE COASTAL WATER QUALITY*

Charles Bostater

Marine and Environmental Optics Laboratory, Center for Remote Sensing
Marine and Environmental Systems Division
Florida Institute of Technology
150 West University Blvd.
Melbourne, Fl. 32937

Manuel Gimond

Dynamac Corporation
Kennedy Space Center, FL, 32899
and
Marinc and Environmental Optics Laboratory, Center for Remote Scnsing
Marine and Environmental Sysiems Division
Florida Institute of Technology

Quantitative analysis of chlorophyil-a, dissolved organic matter (DOM), and total suspended
sediments (TSS) was conducted using reflectance second derivative spectra and specific
absorption coefficients measured from a solid state spectrograph. The water samples were placed
in a 50 cm pathlength cylindrical cuvette from which absorption coefficients were measured.
Various algorithms were tested to calculate the specific absorption coefficient for chlorophyll-a,
seston, and DOM components measured as dissolved organic carbon. This instrumental system
was used to relate measured absorption coefficients with water reflectance signatures measured
from the same spectrograph mounted within the nose of a PA34-200T Seneca II. The methods
demonstrate the value of high spectral resolution signatures to estimate concentrations of various
water quality parameters from aircraft in conjunction with absorption coefficients.

1.0 INTRODUCTION

Remote sensing is defined by Lillesand and Kiefer (1987) as “the science and art of obtaining
information about an object, area, or phenomenon through the analysis of data acquired by the device that
~ is not in contact with the object, area, or phenomenon under investigation”. This scientific approach is used
in environmental remote sensing. An example is the use of data collected by satellite platforms equipped
with remote sensing systems such as SPOT or Landsat, or aircraft equipped with spectrometers (e.g.
AVIRIS). There has been significant amount of research in remotely determining water quality parameters
in open waters such as temperature, chlorophyll, suspended sediments, and, to a lesser degree, dissolved
organic matter {D.0.M.). Such research is applied not only in freshwater systems but in monitoring coastal

* In Proceeding of the Second International Airborne Remote Sensing Conference and Exhibition, San
Francisco, California, 24-27 June 1996.
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and estoarine processes. Remote sensing research in coastal waters has not been as prominent as deep
ocean waters. This is because of the optical complexity and the diversity of the water quality parameters in
these near shore water systems and characterized as turbid water systems. One of the parameters of interest
is chlorophyll-a. Some researchers may consider that chlorophyli-a is more readily measured by remote
sensoring devices in deep oceanic waters, however, as one approaches coastal waters, the measurements
are less accurate and precise due to the presence of suspended matter and DOM. This is because DOM
absorbs light within the same spectral range as chlorophyll-a. Several methods have been proposed to
discriminate these different signals, One of these methods is derivative spectrometry. Bostater (1991) has
developed a technique of optimal “passive™ ambient correlation spectroscopy (OPACS) based upon the
work of Grew (1981) which involves in the selection of bands and band widths for estimation of water
quality parameters and associated coefficients based upon “passive” hyperspectral sensor system data.

Knowledge of the radiance distribution in water is important in accurately predicting various water
quality parameters from remote sensing data. A two-flow model has been analytically solved (Bostater et
al, 1994) from the radiative transfer equations of irradiance. This mode! describes the light attenuation in a
water column by inherent optical properties of the water (absorption and backscatter). It also describes the
influence of the bottom reflectance as well as other apparent optical properties of the water (i.e. sun angle,
specular light component just to name a few).

This model can be used for testing in-situ water reflectance measurements as well as airborne or
satellite remote sensing measurements of reflectance. The ultimate goal in water quality remote sensing ts
to infer the concentrations of water quality parameters from the reflectance data. For this model to be
applicable in coastal and estuarine systems, one needs to know the specific absorption coefficients, the
specific backscattering coefficients, and bottom reflectance signatures. An absorption cuvette (Model BHS
CC-Abs-110b) has been developed (Bostater and Gimond, 1995} which allows one to measure absorption .
coefficients for water types ranging from turbid estuarine waters to clearer, optically deep coastal waters.
The specific absorption coefficients can be determined by utilizing the absorption spectra along with
independently measured concentrations of various water quality parameters. The technique builds upon the
techniques of Yentsch (1962).

In developing and applying the two-flow equations, it is important (o relate the absorption spectra
to the reflectance spectra. In doing so, errors can occur when different sensors are used in measuring both
signatures. A novel method is measuring both of these spectra with the same instrument. Bostater and
Gimond (1995) demonstrated this approach which employs the use of the same instrument for both the
absorption measurements as well as the ship or aircraft based reflectance measurements. Reflectance data
(in-situ and airborne) as well as absorption data is thus collected with the same sensor. We report in this
paper the results of determinations of specific absorption for suspended sediments, chlorophyll-a and
dissolved organic matter in Florida’s Space Coast waters by performing regressions between various water
quality constituents and second derivative estimators using absorption coefficients and reflectance spectra.

2.0 METHODS

Water samples were collected and analyzed at nine stations. These stations varied from turbid
estuarine to coastal waters, In-situ above surface reflectance measurements and laboratory based
absorption scans were made using the same solid state spectrograph (SE590) with a 252 channel high
sensitivity linear diode array. Water samples were collected and analyzed for chiorophyll-a, total suspended
sediments (TSS), and dissolved organic carbon (DOC) (Katz et al, 1954).
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Chlorophyil-a analysis was accomplished by using two methods: fluorometric (Yentsch et al,1963)
and spectrophotometric (Rott, 1980) methods. These two chlorophyll-a analysis methods were performed in
order to test the reliability of these methods in the highly colored water in the Banana River. The
chlorophyll-a samples were filtered in-situ onto 0.7 pm pore size Whatman CF/C glass fiber pads then
placed in the dark with dry ice 50 as to prevent any degradation of the pigments. The filter pads were
processed, as described by Yentsch (1963) and Standard Methods (1989), and analyzed using a Tumer 10-
000r fluorometer and a Shimadzu UV-160 spectrophotometer. Samples were analyzed on both instruments
simultaneously. Spinach extracted chlorophyll-a purchased from Sigma Corporation (number C-5753) was
used to calibrate both instruments.

Whole water samples were filtered using 0.45 pm pore size Gelman GN-6 metricel membrane
filters. For suspended sediments, pre-weighed filtered pads were placed in a dessicator for 96 hours then
weighed again. The difference between pre-filtered and post-filtered pad weights with knowledge of the
value of water filtered was used to calculate TSS (seston, mg/l).

Total organic carbon (DOC) was determined nsing the combustion-infrared method (Katz et al,
1954). Whole water was filtered on Whatman 934-AH glass microfibre filters (4.7 cm). This procedure
provides dissolved organic and dissolved inorganic carbon (total dissolved carbon).

The stations in estnarine waters were collected in the Banana River located in central eastern
Florida. Figure 1 shows the locations of these stations. Two other stations were sampled in the Atlantic
Ocean about 20 miles offshore aboard Florida Tech’s R/V Delphinus. Table 1 tabulates the station
identifications along with their corresponding dates and water depths.

Figure 1. Location of stations in Lagoon.
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Table 1. Water sampling stations profile.

 Station ID7 [ Gater |~ waler Gt Ty

stal 1/30/96 7

sta2 1/30/96 1.9
sta3 1/30/96 3.2
stad 1/30/96 3.2
stas 2/14/96 34
stab 2/14/96 34
sta7 2/26/96 2.5
sta8 2/26/96 3.5
sta9 2/26/96 1.3

3.0 RESULTS

Figure 2 shows the measured in-situ reflectance spectra just above the water for the nine stations
using the SE590 spectrograph.

0.04
—o—st7
0.035 o8
0.03 e 510
& 0.025 e st]
g 0.02 ——
¥ 0015 ——st3
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Figure 2. Spectral reflectance curve for all nine stations

Absorption scans were made for these same waters shortly afterwards. The absorption coefficients were
obtained from:

a, = 2.3 (log(I/L,) /L N

where a, is the absorption coefficient (m™), 2.3 is the conversion from a log to a natural log,, L, is the
transmitted light through the reference tube (W/m’.sr), I, is the transmitted light of the sample through the
sample cuvette (W/mZ.sr), and L (m) is the pathlength of the tubes which is 0.5 meters.

Figure 3 shows the absorption spectra for the absorption coefficient (1/m) for the whole water samples.
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Figure 3. Absorption spectra for whole water samples for the nine stations.

Water samples from these stations were filtered onto .45 pm Millipore pads. The filtrate was recovered
than scanned for absorption. The filtrate is taken to be the dissolved organic matter component of the
water. Figure 4 shows the resulting spectra for the dissolved water and is considered to reflect the DOM at
each location,

The TSS absorption spectra was calculated by subtracting the DOM spectra from that of the whole
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Figure 4. Absorption spectra for DOM for all stations.
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Figure 5. Calculated absorption spectra for TSS for all stations.

water spectra and these are shown in Figure 5.

Single band correlation was calculated between TSS concentrations and whole water absorption
spectra and calculated TSS spectra at all wavelengths. Single band correlation was also calculated between
dissolved organic carbon concentration and DOM spectra at all wavelengths. Figures 6 through 8 represent
these correlations. These spectral correlograms represent the relative quality of the calculated specific
absorption coefficients as a function of wavelength obtained from the slope of the zero-slope regression
results,

OPACS (Bostater,1991) was used to calculate the second derivative inflection estimator of the
whole water spectra then the optimal bands were objectively selected for estimation of the chlorophyll-a
specific absorption coefficients from absorption coefficients directly by correlating to chlorophyll-a
concentrations to the inflection estimator., '

Figure 11 shows the reflectance signatures of three of locations measured from an aircraft flight
along the Banana River. These reflectance scans are plotted with their respective absorption spetcra.
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Figure 6. Correlation (zero intercept regression) value for TSS concentration versus whole water
absorption spectra (left) with the resulting calculated suspended particulate matter specific absorption
coefficients in m*mg(right) for Space Coast waters.
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specific absorption coefficient in m¥mg (right).
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4.0 DISCUSSION

The peaks and troughs of the reflectance spectra and the absorption spectra of the water samples
agree with respect to wavelengths as expected. This is important in order to test the two-flow model using
aircraft remote sensing data.

The chlorophyll-a peaks are evident in both the reflectance spectra and the absorption spectra (TSS
and whole water). Bostater’s passive correlation spectroscopy technique (1991) was utilized to determine
the best three bands for chlorophyll-a concentrations for both the absorption spectra and the reflectance
spectra. The bands centered at 596.7, 646.7, and 587.9 were objectively selected by OPACS data
processing software using reflectance scans. Likewise, three bands centered at 508.3, 530.7, and 494.3
were objectively selected by OPACS from the absorption scans. These band selections agree with the
positions of the various inflection points found in the chlorophyll-a absorption spectra (Bostater and
Gimond, 1995). High correlation values occurred between these band ratios and the concentration values
for chlorophyll-a (r = .91 and r = .95 for reflectance and absorption spectra respectively). Figure 9
indicates the cormrelation value for chlorophyil-a concentration versus the three band inflection ratio derived
from the absorption scan.The selected bands were used to extrapolate chlorophyll-a concentrations from the
reflectance signatures collected from the aircraft. This data is graphed and shown in Figure 11 along with
the map of the reflectance transect flown by the airborne platform (Figure 10).

Good correlation occurred between TSS concentrations and both the whole water spectra and the
calculated TSS spectra. This would indicate that TSS concentrations could be extrapolated from whole
water multispectral scans with confidence. Also, spectral absorption peaks for TSS appear to occur at
higher wavelengths than the DOM absorption peaks. This would indicate that discrirination between these
two water quality parameters could be possible from airborne remote sensing platfom: using the
techniques described in this paper.

Gocod correlation also occurred between TOC concentrations and DOM absorpnon spectra.
However, this does not necessarily make inference on the concentration and/or on the presence of various
humic substances since the spectral scan of the latter is not only depended on the presence of carbon but
also on its structure.

Future studies will involve a greater number of airborne transects over various types of water
bodies under various seasonal conditions in order to estimate the variability of the selected bands. This
would be indicate of a possible alteate method in analyzing chlorophyll-a in highly colored waters in the
Banana River. This methodology could make aircraft remote sensing of highly colored estuarine waters
feasible for water quality monitoring. More importantly, the techniques applied provide a powerful set of
tools for calibrating and validating satellite based measurements of water quality using future hyperspectral
satellite imaging systems.

5.0 CONCLUSION

The use of airborne reflectance signatures in conjunction with the 0.5 m cuvette based (BHS CC-
Abs-100b) absorption tube system combined with both the two-flow model and OPACS technique will
enable one to make proper inferences on various water quality parameters in shallow and turbid estuarine
systems. The preliminary work described in this paper indicate great potential in remote sensing of these
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type of waters. Further studies of these waters with the aircraft based remote sensing platform along with
the combined use of OPACS and the two-flow model will enable one to develop accurate algorithms to be
used with future aircraft or satellite based remote sensors by providing the optimum channels or bands to
be used on these platforms,
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Figure 10. Map of transect flown
in the Banana River. The
transect starts just north of
the SR528 Causeway and
precedes north near the
northern end of the Banana
River,

chiorophyll-a (g)
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1 51 101 151 21 251 301 3st 401 451
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Figure 11. Estimated concentrations of chiorophyll-a for the Banana River from the reflectance
second derivative spectra. This reflectance data was collected from a Seneca Il equipped with a removable
252 band solid state spectrograph. Scan I represents the southern end of the transect diagrammed in

: Figure 9.
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Figure 12. Reflectance and associated whole water absorption spectra for three stations along the North
‘ Banana River transect,
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Figure 13. Calculated specific absorption coefficient from absorption scans of chlorophyll-a standards
(Bostater and Gimond, 1995). Units are m*mg.
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